EP 1 229 093 At 


J EuropHlsches Patentamt 
European Patent Office 
Office europeen des brevets 



( 11 ) 



EP 1 229 093 A1 


(12) EUROPEAN PATENT APPLICATION 


(43) Date of publication: ( 51 ) |ntCl7: C09G 1/02 

07.08.2002 Bulletin 2002/32 

(21) Application number: 02250359.3 

(22) Date of fiiing: 18.01.2002 


(84) Designated Contracting States: 

AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 

AL LT LV MK RO SI 

(30) Priority: 31.01.2001 JP 2001023316 

(71) Appiicant: FUJIMI INCORPORATED 
NIshikasugai-gun Aichl-ken (JP) 

(72) Inventors: 

• Asano, Hiroshi, c/o Fujimt Incorporated 
Nishikasugal-gun, Aichl (JP) 


(54) Polishing composition and polishing method employing it 


• Sakai, Kenji, c/o FuJImI Incorporated 
Nishikasugal-gun, Aichl (JP) 

• Ina, Katsuyoshi, c/o Fujimi Incorporated 
Nishikasugai-gun, Aichl (JP) 

(74) Representative: Paget, Hugh Charles Edward etal 
MEWBURN ELLIS 
York House 
23 Kingsway 
London WC2B 6HP (GB) 


(57) A polishing composition comprising the follow- 
ing components (a) to (g): 

(a) at least one abrasive selected from the group 
consisting of silicon dioxide, aluminum oxide, ceri- 
um oxide, zirconium oxide and titanium oxide, 

(b) an aliphatic carboxylic acid, 

(c) at least one basic compound selected from the 
group consisting of an ammonium salt, an alkali 
metal salt, an alkaline earth metal salt, an organic 
amine compound and a quaternary ammonium salt, 

(d) at least one polishing accelerating compound 
selected from the group consisting of citric acid, 
oxalic acid, tartaric acid, glycine, a-alanine and his- 


tidine, 

(e) at least one anticorrosive selected from the 
group consisting of benzotriazole, benzimidazole, 
triazole, imidazole and tolyltriazole, 

(f) hydrogen peroxide, and 

(g) water. 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 229 093 A1 


Description 

[0001] The present invention relates to a polishing composition to be used for polishing substrates for semiconduc- 
tors, photomasks and various memory hard disks, particulariy to a poiishing composition useful forpolishing for planari- 
5 zation of the surface of device wafers in e.g. semiconductor industry, and a polishing method employing such a com- 
position. 

[0002] More particularly, the present invention relates to a polishing composition which is highly efficient, provides 
high selectivity and is applicable to formation of excellent polished surface in the polishing of semiconductor devices 
to which so-called chemical mechanical polishing (hereinafter referred to as "CMP") technology Is applied, in the 
10 processing of device wafers, and a polishing method employing such a composition. 

[0003] Progress of so-called high technology products Including computers has been remarkable in recent years, 
and parts to be used for such products, such as ULSI devices, have been developed for high integration and high 
speed, year after year. Along with such progress, the design rule for semiconductor devices has been progressively 
refined year after year, the depth of focus in a process for producing devices tends to be shallow, and planarization 
IS required for the pattern-forming surface tends to be increasingly severe. 

[0004] Further, to cope with an increase in resistance of the wiring due to refinement of the wiring on the device, it 
has been studied to employ copper instead of tungsten or aluminum, as the wiring material. By its nature, copper is 
hardly processable by etching, and accordingly, it requires the following process. 

[0005] Namely, after forming wiring grooves and vias on an insulating layer, copper wirings are formed by sputtering 
20 or plating (so-called damascene method), and then an unnecessary copper layer deposited on the insulating layer is 
removed by CMP process which is a combination of mechanical polishing and chemical polishing. 

[0006] However, in such a process, it may happen that copper atoms will diffuse into the insulating layer to deteriorate 
the device properties. Therefore, forthe purpose of preventing diffusion of copper atoms, it has been studied to provide 
a barrier layer on the insulating layer having wiring grooves or vias formed. As a material for such a barrier layer, metal 
25 tantalum or a tantalum compound such as tantalum nitride (hereinafter will generally be referred to as a tantalum- 
containing compound) is most suitable from the viewpoint of the reliability of the device and is expected to be employed 
mostly in the future. 

[0007] Accordingly, in such a CMP process for a semiconductordevice containing such a copper layer and a tantalum- 
containing compound, firstly the copper layer as the outermost layer and then the tantalum-containing compound layer 
30 as the barrier layer, are polished, respectively, and polishing will be completed when it has reached the insulating layer 
of e.g. silicon dioxide or monofluoro silicon oxide. As an ideal process, it is desired that by using only one type of a 
polishing composition, the copper layer and the tantalum-containing compound layer are uniformly removed by pol- 
ishing in a single polishing step, and polishing will be completed certainly when it has reached the insulating layer. 
[0008] However, copper and a tantalum-containing compound are different in their hardness, chemical stability and 
35 other mechanical properties and accordingly In the processability, and thus,, it is difficult to adopt such an ideal polishing 
process. Accordingly, the following two step polishing process, I.e. polishing process divided into two steps, is being 
studied. 

[0009] Firstly, in the first step polishing (hereinafter referred to as the first polishing), using a polishing composition 
capable of polishing a copper layer at a high efficiency, the copper layer Is polished using e.g. a tantalum-containing 
40 compound layer as a stopper until such a tantalum-containing compound layer is reached. Here, for the purpose of 

not forming various surface damages such as recesses, erosion, dishing, etc., on the copper layer surface, the first 
polishing may be terminated immediately before reaching the tantalum-containing compound layer i.e. while a copper 
layer still slightly remains. Then, in the second step polishing (hereinafter referred to as the second polishing), using 
a polishing composition capable of polishing mainly a tantalum-containing compound layer at a high efficiency, the 
45 remaining thin copper layer and the tantalum-containing compound layer are polished using the insulating layer as a 
stopper, and polishing is completed when it has reached the insulating layer. 

[0010] Here, dishing, recesses and erosion are surface damages due to excessive polishing of the wiring portion, 
caused by difference in hardness between a wiring layer (copper in this case) and the insulating layer or the tantalum- 
containing compound layer, by etching effect to the wiring layer, and mainly by a difference in pressure applied per 
50 unit area, respectively, and they decrease the cross-sectional area of the wiring layer. Accordingly, when a device is 

prepared, they tend to increase the resistance of the wiring at the corresponding portion, or they may cause contact 
failure in extreme cases. Accordingly, the polishing composition to be used in the first polishing is required to have a 
property such that it is capable of polishing the copper layer at a high stock removal rate without forming the above- 
mentioned various surface damages on the copper layer surface, which can not be removed by the second polishing. 
55 [0011] With respect to such a polishing composition for a copper layer, for example, JP-A-7-233485 discloses a 

polishing liquid for a copper type metal layer, which comprises at least one organic acid selected from the group con- 
sisting of aminoacetic acid (hereinafter referred to as glycine) and amidesulfuric acid, an oxidizing agent and water, 
and a method for producing a semiconductor device using such a polishing liquid. Further, JP-A-8-83780 discloses an 
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abrasive which contains aminoacetic acid and/or amidesulfuric acid, an oxidizing agent, water and benzotriazoie or its 
derivative, and a method for producing a semiconductor device using such an abrasive. 

[0012] However, as a result of the experiments conducted by the present inventors, it has been confirmed that when 
a copper layer having a pattern formed thereon is polished by using a polishing composition comprising only an abra- 
5 sive, glycine and hydrogen peroxide, chemical etching effect on copper and erosion on the copper surface after the 
polishing tend to be significant, and deep recesses are likely to be formed. Further, in a case where benzotriazoie 
having a function to suppress chemical etching effect on copper is Incorporated in order to suppress erosion on the 
copper surface. If the addition amount of benzotriazoie is too large, the stock removal rate of the copper layer tends 
to be significantly low, and the polishing takes long, such being Inefficient. 

10 [0013] Further, in a case where the addition amount of benzotriazoie is too small, no adequate function to suppress 

chemical etching effect can be obtained, and it is thereby impossible to adequately suppress erosion on the copper 
surface. The present inventors have conducted experiments and reached such a conclusion that in a case of polishing 
a copper wiring by using a polishing composition comprising abrasive grains, glycine, benzotriazoie and water, no 
composition can be found out for optimum polishing. 

15 [0014] Namely, it has been strongly desired to develop a composition for polishing which has both properties of high 

stock removal rate of the copper layer and low chemical etching effect on the copper layer. 

[0015] The present Invention has been made to solve the above-described problems. Namely, it is an object of the 
present invention to provide a polishing composition, with which polishing can be carried out with a high stock removal 
rate of the copper layer while suppressing a chemical etching effect on the copper layer, In polishing of a wafer having 
20 a device pattern containing at least a layer of copper and a layer of a tantalum-containing compound formed on a 
substrate. 

[0016] The present invention Is to achieve the above-described object and resides In a polishing composition com- 
prising the components (a) at least one abrasive selected from the group consisting of silicon dioxide, aluminum oxide, 
cerium oxide, zirconium oxide and titanium oxide, (b) an aliphatic carboxylic acid, (c) at least one basic compound 
25 selected from the group consisting of an ammonium salt, an alkali metal salt, an alkaline earth metal salt, an organic 
amine compound and a quaternary ammonium salt, (d) at least one polishing accelerating compound selected from 
the group consisting of citric acid, oxalic acid, tartaric acid, glycine, a-alanine and histidine, (e) at least one anticorrosive 
selected from the group consisting of benzotriazoie, benzimidazole, triazole, imidazole and tolyltriazole, (f) hydrogen 
peroxide, and (g) water. 

20 [0017] The present invention further provides the above polishing composition wherein the component (b) is an 

aliphatic monocarboxylic acid having one carboxyl group in a skeleton of a saturated hydrocarbon having a carbon 
number of at least 10 or a hydrocarbon having one unsaturated bond, and the above polishing composition wherein 
the component (b) is at least one member selected from the group consisting of lauric acid, linolic acid, myristic acid, 
palmitic acid, stearic acid and oleic acid. 

35 [0018] The present invention further provides the above polishing composition wherein the component (c) is at least 

one member selected from the group consisting of ammonia, ethylenedlamlne, tetramethylammonium hydroxide, tetra- 
ethylammonlum hydroxide, potassium hydroxide, sodium hydroxide, piperidine, piperazine and ethanolamine, and the 
above polishing composition wherein the component (e) is benzotriazoie. 

[0019] The present invention still further provides a polishing method for polishing a semiconductor device having 
40 atleastalayerofcopperandalayerof a tantalum-containingcompoundfonned on a substrate, with the above polishing 
composition. 

[0020] Usually as an abrasive, it has been known to use fine particles of e.g. an oxide, a nitride or a carbide of a 
metal. Particularly, at least one member selected from the group consisting of aluminum oxide, silicon oxide, cerium 
oxide, zirconium oxide and titanium oxide is used for the polishing composition of the present invention. Among them, 
45 preferred is silicon dioxide, more preferred is colloidal silica. 

[0021] The concentration of the abrasive In the polishing composition of the present invention is usually from 0.2 to 
250 g/f, preferably from 0.5 to 200 g/€, more preferably from 5 to 100 g/€. If the concentration of the abrasive is too 
low, mechanical polishing power tends to decrease, whereby the stock removal rate of the copper layer may decrease 
in some cases. On the other hand, if the concentration of the abrasive is too high, mechanical polishing power tends 
50 to increase, whereby the rate of polishing the tantalum-containing compound layer tends to be too high, and erosion 
are likely to form. 

[0022] In the present invention, an aliphatic carboxylic acid is incorporated in order to suppress chemical etching 
effect on copper. It usually means a compound having at least one carboxyl group in a skeleton of a saturated hydro- 
carbon or an hydrocarbon having one unsaturated bond. Specifically, it may, for example, be lauric acid, linolic acid, 
55 myristic acid, palmitic acid, stearic acid, oleic acid, sebacic acid or dodecanedioic acid. 

[0023] Among these aliphatic carboxylic acids, preferred is one having a carbon number of at least 1 0, more preferred 
Is a so-called monocarboxylic acid having one carboxyl group. Further, among such compounds, one having a solubility 
of at most 0.2 g/100 g in water is preferred. From such a viewpoint, preferred as an aliphatic carboxylic acid is lauric 
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acid, linolic add, myristic acid, palmitic acid, stearic acid or oleic acid, and more preferred is oleic acid. 

[0024] The addition amount of the aliphatic carboxylic acid Is usually from 0.00003 to 0.005 mol/€, preferably from 
0.0002 to 0.002 moi/€, based on the polishing composition. If the addition amount of the aliphatic carboxylic acid is 
less than 0.00003 mol/€, no adequate effect to suppress the chemical etching effect on the copper layer may be ob- 
5 tained. On the other hand, if the addition amount of the aliphatic carboxylic acid exceeds 0.005 mol/€, the stock removal 
rate of the copper layer tends to be too suppressed. Further, dissolution in the polishing composition tends to be difficult. 
[0025] The polishing composition of the present invention contains at least one basic compound selected from the 
group consisting of an ammonium salt, an alkali metal salt, an alkaline earth metal salt, an organic amine compound 
and a quarternary ammonium salt. The term "salt" here includes hydroxide. The basic compound Is incorporated for 
10 the purpose of Increasing the pH Inclining to acid by addition of the aliphatic carboxylic acid and aiding dissolution of 
the aliphatic carboxylic acid in the polishing composition. 

[0026] Specifically, the basic compound may, for example, be ammonia, ethylenediamine, tetramethylammonium 
hydroxide, tetraethylammonium hydroxide, potassium hydroxide, sodium hydroxide, piperidine, piperazine or eth- 
anolamine. Among them, preferred are one which has a small etching effect on the copper layer and which is less 
15 likely to make abrasive grains agglomerate, and one which contains no other element as an impurity. From such a 
viewpoint, preferred is tetramethylammonium hydroxide. 

[0027] The addition amount of the basic compound is preferably from 0.5 to 2, more preferably from 0.8 to 1 .6, in 
equivalent ratio based on the aliphatic carboxylic acid to be incorporated at the same time. If the addition amount of 
the basic compound Is less than 0.5 in equivalent ratio based on the aliphatic carboxylic acid, solubility of the aliphatic 
20 carboxylic acid tends to decrease, whereby dissolution of the aliphatic carboxylic acid tends to be difficult, or the aliphatic 

carboxylic acid is likely to deposit at a low temperature. On the other hand, if the addition amount of the basic compound 
exceeds 2 In equivalent ratio based on the aliphatic carboxylic acid, an etching effect on the copper layer tends to 
increase, such being unfavorable. 

[0028] The polishing composition of the present invention contains at least one polishing accelerating compound 
25 selected from the group consisting of citric acid, oxalic add, tartaric acid, glycine, a-alanine and histidine. Here, the 
“polishing accelerating compound" is a compound capable of making copper be further dissolved, by incorporating the 
polishing accelerating compound in a solution having hydrogen peroxide dissolved in pure water. Such a compound 
has a function to chelate copper to accelerate polishing of the copper layer. 

[0029] Further, the addition amount is preferably from 0.1 to 2 mol/€, more preferably from 0.5 to 1 mol/€, based on 
30 the polishing composition. If the addition amount is less than 0.1 mol/€, the stock removal rate of the copper layer tends 
to be low. On the other hand, if it exceeds 2 mol/€, the stock removal rate of the copper layer tends to be too high, and 
control of polishing tends to be difficult, and due care will be required when the polishing composition is used. 

[0030] The polishing composition of the present invention contains at least one anticorrosive selected from the group 
consisting of benzotriazole, benzimidazole, triazole, imidazole and tolyltriazole. The anticorrosive is one having a func- 
35 tion to protect the copper layer surface during and after the polishing and to suppress erosion of copper. Particularly 
preferred is benzotriazole. 

[0031] The addition amount is preferably from 0.0001 to 0.004 mo!/€, more preferably from 0.0002 to 0.001 mol/€, 
based on the polishing composition. If the addition amount is less than 0.0001 mol/€, the copper layer surface after 
the polishing is likely to be eroded. On the other hand, if it exceeds 0.004 moi/€, the protective layer-forming function 
40 to the copper tends to be strong, whereby non-uniformity in polishing is likely to be led, or the stock removal rate of 
the copper tends to be excessively low, such being undesirable. 

[0032] The polishing composition of the present invention contains hydrogen peroxide. Hydrogen peroxide functions 
as an oxidizing agent in the polishing composition of the present invention. Here, hydrogen peroxide has a characteristic 
such that one having a sufficient oxidizing powerto oxidize the copper layer and containing no metal ion as an impurity, 
45 can readily be available, and thus it is particularly suitable for the polishing composition of the present invention. 

[0033] The addition amount of hydrogen peroxide In the polishing composition of the present Invention is preferably 
from 0.05 to 1.2 mol/€, more preferably from 0.15 to 0.6 mol/€, based on the polishing composition. If the addition 
amount of hydrogen peroxide is excessively small, or excessively large, the stock removal rate of the copper layer 
tends to be low, and due care will accordingly be required. 

50 [0034] Further, the medium of the polishing composition of the present invention Is water. Water is preferably one 

having impurities reduced as far as possible, so that the above-mentioned respective components can precisely per- 
form their roles. 

[0035] Namely, water is preferably distilled water, or one having impurity ions removed by an ion exchange resin and 
having suspended matters removed by a filter. 

55 [0036] Accordingly, the polishing composition of the present invention is prepared usually by dissolving or dispersing 

the above-described respective components i.e. (a) the abrasive, (b) the aliphatic carboxylic acid, (c) the basic com- 
pound, (d) the polishing accelerating compound, (e) the anticorrosive and (f) hydrogen peroxide In (g) water. 

[0037] Here, methods and order for dissolving or dispersing the respective components are optional. For example. 
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stirring by a vane-type stirrer or supersonic dispersion may be employed. By such a method, the components other 
than the abrasive will be dissolved and the abrasive will be dispersed in water, whereby the composition will be a 
uniform dispersion. The polishing composition of the present Invention may further contain a pH-adjusting agent to 
adjust the pH, various surfactants and other additives. 

5 [0038] The basic compound is used for the purpose of increasing the pH of the polishing composition of the present 

invention as described above, and the pH-adjusting agent can further be used to improve the stability of the polishing 
composition, to improve the safety in use or to meet the requirements of various regulations. 

[0039] On the other hand, as a pH-adjustIng agent to be employed to lower the pH, besides the aliphatic carboxylic 
acid, hydrochloric acid, nitric acid, sulfuric acid, chloroacetic acid, etc., may be mentioned. The polishing composition 
10 of the present invention is not particularly limited with respect to the pH, but it is preferably adjusted to pH 3 to 10. 
[0040] In the polishing composition of the present invention, the surfactant may further be used to increase the 
dispensability of the abrasive or to adjust the viscosity or the surface tension of the polishing composition. The sur- 
factants Include, for example, a dispersing agent, a wetting agent, a thickener, a defoaming agent, a foaming agent, 
a water repellent, etc. The surfactant to be used as a dispersing agent, may usually be of a sulfonic acid type, a 
15 phosphoric acid type, a carboxylic acid type or a nonionic type. 

[0041] The polishing composition of the present invention may be prepared, stored or transported in the form of a 
stock solution having a relatively high concentration, so that it may be diluted for use at the time of actual polishing 
operation. The above-mentioned preferred range for the concentration is one for the actual polishing operation. Need- 
less to say, in the case of adopting such a method of use, the stock solution during the storage or transportation is a 
20 solution having a higher concentration. 

[0042] Further, hydrogen peroxide has a characteristic such that it decomposes in the presence of e.g. metal ions 
or ammonium ions. Accordingly, in the polishing composition of the present invention, it is advisable to add and mix it 
to the polishing composition Immediately prior to the actual use for polishing operation. Such decomposition of hydrogen 
peroxide can be suppressed by the aliphatic carboxylic acid of the present invention to some extent, but it can be 
25 suppressed also by mixing another carboxylic acid or an alcohol. Further, it is possible to obtain such an effect by the 
above-mentioned pH-adjusting agent. However, such decomposition will be influenced also by the storage environ- 
ment, and there Is a possibility that part of hydrogen peroxide undergoes decomposition due to a temperature change 
during transportation or due to formation of a stress. Accordingly, it is preferred to mix hydrogen peroxide immediately 
before the polishing. 

30 [0043] The most important point in the present invention is that the chemical etching effect is suppressed as far as 

possible without decreasing the stock removal rate of the copper layer, by incorporating an aliphatic carboxylic acid in 
the polishing composition. This is estimated to be effective to dissolve Irregularity during the polishing and to suppress 
dishing and recesses. 

[0044] In the polishing composition of the present invention, roles of the components other than the aliphatic car- 
35 boxylic acid on the polishing of the copper are estimated below. Firstly, the abrasive serves to perform so-called me- 
chanical polishing and accelerates polishing. Hydrogen peroxide oxidizes the copper surface to form a brittle oxidized 
layer. 

[0045] Further, the polishing accelerating compound affects the oxidized copper surface to form a chelate with copper 
ions. Here, polishing of the copper proceeds by a combined effect of the chemical effect on copper of hydrogen peroxide 
40 and said compound and the mechanical effect of the abrasive. Further, the aliphatic carboxylic acid suppresses an> 
excessive chemical etching effect on the copper. Further, the anticorrosive suppresses erosion of the copper surface 
after the polishing, and suppresses an excessive chemical etching effect on the copper as an additional effect. The 
basic compound aids dissolution of the aliphatic carboxylic acid in water to adjust the pH within a preferred range. 
[0046] Now, the present invention will be described in detail with reference to Examples. However, it should be 
45 understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLES 1 to 42 and COMPARATIVE EXAMPLES 1 to 4 

Preparation of polishing compositions 

50 

[0047] Polishing compositions were prepared to have compositions as identified in Table 1 . Namely, in Examples 1 
to 6, the addition amounts of oleic acid, tetramethylammonium hydroxide, glycine, benzotriazole and hydrogen peroxide 
were constant respectively, and the concentration of colloidal silica alone was changed from 0.2 to 250 g/€. As the 
hydrogen peroxide, a commercially available 31% aqueous solution was employed, and it was mixed immediately 
55 before polishing. 

[0048] Further, in Examples 7 to 13, the amount of oleic acid as the aliphatic carboxylic acid alone was changed 
within a range of from 0.00001 to 0.008 mol/€, and the concentration of the colloidal silica was constant at 50 g/^ (the 
other components were the same as in Examples 1 to 6). Similarly, in Examples 1 4 to 1 9, the equivalent ratio of oleic 
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acid to tetramethylammonium hydroxide alone was changed within a range of from 0.2 to 3. The other components 
and their amounts were constant. 

[0049] in Exampies 20 to 25, the addition amount of glycine alone was changed within a range of from 0.03 to 3 mol/ 
e, in Examples 26 to 31 , the amount of benzotriazole alone was changed within a range of from 0.0005 to 0.008 mol/ 
e, and in Examples 32 to 35, the amount of hydrogen peroxide alone was changed within a range of from 0.02 to 2 mol/f . 
[0050] Further, Examples 36 to 41 are to compare properties in a case where the type of the aliphatic carboxylic acid 
was changed to lauric acid, myristic acid, palmitic acid, stearic acid, linolic acid or sebacic acid. The addition amount 
was constant at 0.0007 mol/€ in each Example. Further. Example 42 is to compare properties in a case where potassium 
hydroxide was used as the basic compound, and the equivalent ratio to oleic acid was 1 .3. 

































































































































































Table 1 (Continued) 
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Polishing tests 

[0051] Polishing was carried out by means of a one side polishing machine for CMP (AVANTI472, manufactured by 
Speed Fam-IPEC, Inc.). To a table of the polishing machine, a laminated polishing pad made of polyurethane (IC- 
5 1000/Suba400, manufactured by Rodel Inc., U.S.A.) was bonded. The polishing conditions were such that the polishing 

pressure was 4 psi (about 280 g/cm^), the table rotational speed was 70 rpm, the feed rate of the polishing composition 
was 250 cc/min, and the rotational speed of the carrier was 70 rpm. 

[0052] As an object to be polished, a blanket wafer (8 inch) having a copper layer formed by electrolytic plating was 
used. Polishing was carried out for one minute, and the stock removal rate was calculated from the difference in layer 
10 thickness as before and after the polishing. 

[0053] The etching rate of the copper layer was calculated from the difference in layer thickness as before and after 
the etching In such a manner that the blanket wafer having a copper layer formed by electrolytic plating was soaked 
in each of the polishing composition solutions and left to stand at a constant temperature of 25®C for 3 minutes. 
[0054] Further, the surface roughning and erosion state on the copper surface after the polishing were observed by 
15 an optical microscope and evaluated in accordance with the following standards. 

@ : No surface roughening nor erosion observed at all. 

O: Slight surface roughening and erosion observed. 

A: Surface roughening and erosion observed over the entire surface, but no problem In property. 

20 X: Surface roughening or erosion is too severe for practical use. 

[0055] The results are shown in Table 1 together with the compositions of the polishing compositions. 

[0056] As evident from the results shown in Table 1 , a good stock removal rate of copper of at least 5,000 A/min was 
confirmed except for in Examples 1,13, 20, 31 and 32. Further, with respect to the etching effect on the copper layer, 
25 a good etching suppression effect with a Cu etching rate of at most 1 ,000 A/min was confirmed except for in Examples 
7, 25 and 26. Further, the surface state after the polishing was good except for in Examples 7, 8 and 25. 

[0057] It is found from Examples 1 to 6 that the stock removal rate of copper increases together with increase In the 
colloidal silica concentration, but there is fear that no adequate stock removal rate can be obtained at a concentration 
of 0.2 g/€ and no efficient polishing may be carried out. Further, if the concentration is too high, the colloidal silica tends 
30 to aggregate. By taking them into consideration, the colloidal silica concentration is at a level of from 0.5 to 200 g/€, 
preferably from 5 to 1 00 g/€. 

[0058] A small amount of the aliphatic carboxylic acid is preferred in view of the stock removal rate as mentioned 
above, but Is unfavorable since the etching rate tends to increase. Further, if the addition amount is large, the stock 
removal rate tends to be low, such being unfavorable. By taking them into consideration, the addition amount of the 
35 aliphatic carboxylic acid is preferably from 0.00003 to 0.004 mol/€, more preferably from 0.0002 to 0.002 mol/€. 

[0059] The addition amount of tetramethylammonium hydroxide has substantially no influence over the stock removal 
rate and the etching rate, but an optimum range is defined in view of easiness in handling and environmental consid- 
eration. Namely, in Example 14, oleic acid was hardly soluble and it took long to prepare the polishing composition. 
Further, in Example 1 9, addition of a large amount of an acid was required for neutralization at waste water treatment 
40 after the polishing. By taking them into consideration, tetramethylammonium hydroxide is from 0.5 to 2, preferably from 

1 to 1 .6, in equivalent ratio based on the aliphatic carboxylic acid. 

[0060] With respect to the influence of the addition amount of glycine over the stock removal rate of copper. If the 
addition amount was at most 0.03 mol/€, the stock removal rate was at most 5,000 A/min and was extremely low, and 
It is considered that there is a problem in view of productivity. On the other hand, with respect to the etching rate. If the 
45 addition amount was at least 3 mol/€, the etching rate was 1 ,000 A/min and was extremely high, and there is fear of 
formation of excessive recesses. The addition amount is from 0.1 to 2 mol/^, preferably at a level of from 0.5 to 1 mol/€. 
[0061] As described above, if the addition amount of benzotriazole is too small, copper layer surface roughening 
occurs due to erosion on the surface of the copper layer, and if It is too large, the stock removal rate of copper tends 
to be extremely low. Accordingly, the addition amount is considered to be suitably from 0.0001 to 0.004 mol/€, preferably 
50 from 0.0002 to 0.001 mol/€. 

[0062] If the addition amount of hydrogen peroxide is extremely small, the stock removal rate tends to be low, such 
being undesirable. On the other hand, if the addition amount is large, there is no particular problem from the viewpoint 
of the evaluation results, but addition of excess amount more than necessary is uneconomical, and accordingly the 
addition amount is preferably from 0.15 to 0.6 mol/€. 

55 [0063] It was found from the results of Examples 36 to 40, the stock removal rate, the etching rate and the results 

of the observation of the surface state were good also in a case where lauric acid, llnolic acid, myristic acid, palmitic 
acid, stearic acid or sebacic acid was used instead of oleic acid as the aliphatic carboxylic acid. Substantially no 
difference In properties was confirmed in a case where potassium hydroxide which is a common inorganic alkali was 
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used as a material showing alkalinity. 

[0064] According to the present invention, in a CMP process of a semiconductor device having at least a copper 
layer and a tantalum-containing compound layer, the etching rate of copper can be suppressed without impairing the 
stock removal rate of copper, by incorporating an aliphatic carboxylic acid into a polishing composition. 

5 [0065] Namely, in polishing of a semiconductor device having at least a layer of copper and a layer of a tantalum- 

containing compound formed on a substrate, it is possible to suppress the etching rate of copper without impairing the 
stock removal rate of copper, by means of 1) the polishing composition of the present invention comprising (a) an 
abrasive, (b) an aliphatic carboxylic acid, (c) a basic compound, (d) a polishing accelerating compound, (e) an anti- 
corrosive, (f) hydrogen peroxide and (g) water. 

10 [0066] Further, polishing of a semiconductor device, wherein the etching rate of copper can be suppressed without 

impairing the stock removal rate of copper in an extremely stable state, can be expected by means of 2) the above 
polishing composition wherein the component (b) is an aliphatic monocarboxylic acid having one carboxyl group in a 
skeleton of a saturated hydrocarbon having a carbon number of at least 1 0 or a hydrocarbon having one unsaturated 
bond, or 3) the polishing composition of the present invention wherein the component (b) is at least one member 
15 selected from the group consisting of lauric acid, linollc acid, myristic acid, palmitic acid, stearic acid and oleic acid. 
[0067] Further, polishing of a semiconductor device can be carried out wherein the etching rate of copper can be 
suppressed without impairing the stock removal rate of copper in a stable state while maintaining a proper pH, by 
means of 4) the polishing composition of the present invention wherein the component (c) is at least one member 
selected from the group consisting of ammonia, ethylenedlamine, tetramethylammonium hydroxide, tetraethylammo- 
20 nium hydroxide, potassium hydroxide, sodium hydroxide, piperidine, piperazine and ethanolamine, or 5) the polishing 
composition of the present invention wherein the component (e) is benzotrlazole. 

[0068] Further, it becomes possible to provide a semiconductor device having extremely few surface damages eco- 
nomically with a high efficiency, by means of 6) the polishing method of the present invention using the above polishing 
composition. 

25 [0069] The entire disclosure of Japanese Patent Application No. 2001-23316 filed on January 31, 2001 including 

specification, clairhs, drawings and summary are incorporated herein by reference in its entirety. 

Claims 

30 

1 . A polishing composition comprising the following components (a) to (g): 

(a) at least one abrasive selected from the group consisting of silicon dioxide, aluminum oxide, cerium oxide, 
zirconium oxide and titanium oxide, 

55 (b) an aliphatic carboxylic acid, 

(c) at least one basic compound selected from the group consisting of an ammonium salt, an alkali metal salt,, 
an alkaline earth metal salt, an organic amine compound and a quaternary ammonium salt, 

(d) at least one polishing accelerating compound selected from the group consisting of citric acid, oxalic acid, 
tartaric acid, glycine, a-alanine and histidine, 

40 (e) at least one anticorrosive selected from the group consisting of benzotriazole, benzimidazole, triazole, 

imidazole and tolyltrlazole, 

(f) hydrogen peroxide, and 

(g) water. 

45 2. The polishing composition according to Claim 1 , wherein the component (b) is an aliphatic monocarboxylic acid 

having one carboxyl group In a skeleton of a saturated hydrocarbon having a carbon number of at least 10 or a 
hydrocarbon having one unsaturated bond. 

3. The polishing composition according to Claim 1 or 2, wherein the component (b) is at least one member selected 
50 from the group consisting of lauric acid, llnolic acid, myristic acid, palmitic acid, stearic acid and oleic acid. 

. 4. The polishing composition according to any one of Claims 1 to 3, wherein the component (c) is at least one member 
selected from the group consisting of ammonia, ethylenedlamine, tetramethylammonium hydroxide, tetraethylam- 
monium hydroxide, potassium hydroxide, sodium hydroxide, piperidine, piperazine and ethanolamine. 

55 

5. The polishing composition according to any one of Claims 1 to 4, wherein the component (e) is benzotriazole. 

6. A polishing method for polishing a semiconductor device having at least a layer of copper and a layer of a tantalum- 
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containing compound formed on a substrate, with the polishing composition as defined in any one of Claims 1 to 5. 
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